We theoretically considered the distribution of 60Co and 8SSr to ion exchangers from solution that contained Ca'+ and Mg" simultaneously as major cations, and derived a equation that expresses the quantity of 60Co or 8SSr adsorbed to an ion exchanger under the influence of these two major cations. Then we performed column experiments to determine Kd values of these two radionuclides in solutions containing Ca" and Mg" simultaneously to three ion exchangers, Amberlite IR-120B, Green sand and KUR sand. Experimental results of this study certifies that the equation is applicable to estimate the influence of Ca" and Mg'+ on adsorption of tracer 60Co or 8SSr.
INTRODUCTION
Migration behavior of radionuclides in underground aquifers is important for the safety evaluation of underground disposal of radioactive wastes. The distribution coefficient (Kd) is a parameter to present a ratio of ions adsorbed to ion exchanger from liquid phase, and commonly used in migration study of tracer radioactive cations. Kd is a function of ions, ion exchangers, components of ambient water, etc.'''2' We examined the influence of each of several principal stable cations in ground water on Kd values of radionuclides by batch and column experiments. By the study, we found that Kd of each tracer radionuclide was presented by a simple experimental equation as a function of concentration of a stable cation if there was only one major cation in ground water3'. The equation is expressed as follows:
MA,x=QA l CA = mx' (Cx) -nx
The meanings of symbols are shown in the noe menclature preceding references. We also found that Cam and Mg+ were only two important cations in ground water that affected the Kd values of radionuclides4'.
In this study, we examined quantitatively the influence of coexisting Ca' + and Mg' ' on the Kd values of tracer radionuclides using several parameters obtained in the previous studies. At the beginning we theoretically considered the distribution of tracer radionuclides to ion exchanger from solution that contained both Ca' ' and Mg' as major cations.
Then we performed column experiments to determine the equilibrium constant between Cam and Mg,
and Kd values of radionuclides in solutions containing Ca+ and Mg" simultaneously, initial concentrations of which were changed in two orders of magnitude. Cobalt-60 and Strontium-90 are considered to be important radionuclides in radioactive wastes from the viewpoint of environmental safety5'. We intended to examine the behavior of these two nuclides. Short half-life radioisotope 8SSr was used in stead of 90Sr in the experiments. As ion exchangers, one synthetic resin, Amberlite IR-120B, and two natural ion exchangers, green sand and KUR sand, were selected in this study, Amberlite IR-120B was selected as a reference of pure synthetic ion exchanger, Green sand is a representative clay mineral commercially available, KUR sand is a sand collected from underground aquifers in a site of Research Reactor Institute, Kyoto University, Japan, and selected as a representative of natural sands, Some properties of these three ion exchangers used in this study are shown in Table 1 ,
2, THEORETICAL
Based on the results obtained by the previous studies3'4', we theoretically consider the influence of ca and Mg+' ions on variation of Kd value of coexisting tracer radionuclides, 85Sr and 60Co, We assume the equilibrium state of two major stable cations, Ca and Mg +, and tracer radioactive cations between solution and a solid phase ion exchanger, We introduce the following conditions:
(1) The number of adsorption sites on ion exchanger does not fluctuate with changes of composition and ion concentration in solution, therefore
The adequacy of equation (2) was experimentally certified by our previous study4', (2) When two cations X and Y are in equilibrium between a solution and an ion exchanger, the coefficient KX y defined by equation (4) Under the above conditions, we consider the three component system, two major rations, X and Y, and one tracer radionuclide A, We express their concentrations in solution as C's, C' and CA, Then the number of adsorption sites on an ion exchanger occupied by cation X and Y are nearly equal to Q X and Q'y, respectively, because CA in mol concentration is very low and ignorable, We assume that X and Y are equilibrated between an ion exchanger and solution, and that a tracer radionuclide is added in solution, The number of adsorption sites displaced by radionuclide A from major cation X is notated Q , and expressed as follows:
QA(x) is the number of adsorption sites in unit weight of ion exchanger when one major cation X exists in C(x) in solution, Parenthesis in C(x) mean that concentrations of ions X and Y are converted to the concentration of a single ion X by equation (6) , Equation (5) shows that the influence of one major cation X in C(x) is the same with that of two major cations, X in C X and Y in C'y, In the same way,
Therefore the total number of adsorption sites occupied by A is,
The objective of this study is to evaluate the influence of Cam and Mg++ on the adsorption of tracer Table  1 Properties of Ion Exchangers Used in the Experiment radionuclides, therefore we assign hereafter X in equation (10) to Ca++ and Y to Mg. As mentioned in Introduction, 60Co and 8SSr are selected as radiologically important tracer radionuclides. Values of coefficients mx, m, n x and n Y in equation (1) were determined in previous papers', and are shown in Table 2 . As presented in Table  2 , the relation nX nY is applicable, and equation (10) We can calculate the ditribution coefficient of radionuclide A under the influence of major two cations Ca++ and Mg+ by equation (12) and parameters mX, m1, nX and KXY.
EXPERIMENTS AND RESULTS
We performed column experiments to determine the coefficient KXY shown in equation (4) and distribution coefficients of 60Co and 8SSr between ion exchangers and Ca-Mg mixture solutions when concentrations of Ca++ and Mg++ varied.
(1) Determination of the equilibrium constants between Ca + and Md+ The equilibrium constants between Ca++ and Mgr for three ion exchangers, Amberlite IR-120B, green sand and KUR sand, were determined in this study. Values of cation exchange capacity of ion exchangers were 4.4, 0.15 and 0.031 meq/g, respectively. All experiments were performed in room temperature, 20-25 C. A procedure of experiments was as follows: Six Cam Mg++ mixture solutions were prepared using their nitrates and adjusted so as to be 10-2 and 2 x 10-3 meq/mL of total cation concentration. Concentrations of Ca++ and Mg++ were determined by EDTA method''. The concentration ratios of Ca++ to Mg++ were adjusted to about 1:1, 3:1 and 1:3. Five grams of each ion exchanger was packed into a separate column, and each mixture was passed through these columns at 100 mL/hr. When concentrations of Ca++ and Mg++ at an outlet of each column coincided with those at an inlet, concentrations of Ca++ and Mgr were considered to be in equilibrium between mixture solutions and ion exchangers. Quantities of adsorbed Ca++ and Mg++ were determined by desorbing cations from ion exchangers using 2N-NaCI solution.
The coefficient KXY were calculated using equation (4) and are shown in Table 3 . Values of the coefficient varied only slightly with concentrations of Cam and Mg++ in solution for each ion exchanger, and average values are 1.9, 2.0 and 1.7 for Amberlite IR-120B, green sand and KUR sand, respectively.
(2) Determination of the distribution coefficients of 60Co and 8SSr
The distribution coefficients of 60Co and 85Sy between Ca-Mg++ mixture solution and three ion exchanges were determined as follows. The procedure of each run was repeated two times, and the mean value of two runs was used for discussion.
Calcium nitrate and magnesium nitrate were diluted by deionized water to prepare Ca++-Mg++ mixture solutions, whose total cation concentration ranged 5 x 10-3 -10-' meq/mL. Cobalt-60 or Table 2 Values of Coefficients mX, mY, n X, nY rem: Suffix X and Y present Ca++ and Mj, respectively. mx, my, nx and nY are coefficients in equation (1) when Cx and KdA,x are presented in 10-3 meq/L and mL/g, respectively.
strontium-85 was added to an aliquot of each mixture so as to be about 370 Bq/mL (denominated hereafter Co solution or Sr solution). Values of pH of the Co solutions and Sr solutions were 5.5 -6.5. Five grams of each ion exchanger was packed into a separate column, and one of the mixture solutions was passed through this column to saturate the ion exchanger with Ca+ and Mg++. After interstitial water in a column was washed out by deionized water, ion exchanger was taken out and dried by suction. Three grams of each ion exchanger saturated with a Ca-Mg++ mixture, was taken in a beaker. Then 150 mL of Co solution or Sr solution with the same Ca++ and Mj concentrations to the CaMg++ mixture was added into this beaker. This sample was settled 24 hours with periodical agitation. After settling, the ion exchanger was filtered ( TOYO Co. Ltd.: No.4). It was certified by the preliminary experiment that no adsorption of radionuclide was observed to any ion exchanger after this filtration. An aliquot of the filtrate was submitted to radioactivity measurement with NaI scintillation counter, and Ca++ and Mg++ concentrations of another aliquot were determined by EDTA method.
Concentrations of Ca++ and Mgr did not vary during 24 hours settling. Adsorbed quantities of 60Co and 85Sr were determined by subtracting the concentrations after settling from initial con- rem: C(X) is defined in equation (6) centrations. Kd values of 60Co and 8SSr were calculated by equation (1) . These values are presented in Tables 4 and 5 (6) are also shown in the tables.
DISCUSSION
We calculate the values of (mY/mx)XYnx in equation (12) for 60Co and 85Sr using the values of mx, my and nx in Table 2 , and Kxr in Table 3 . These calculated values are presented in Table 6 . As shown in Table 6 , the values of (m Ylm x) Kx y -"X are considered nearly unity for all cases. Using this relation and equation (3), equation 
The data of KdA,XY versus C(x) presented in Tables 4  and 5 are plotted in log-log scale in Figs. 1 and 2 , respectively. Linear regression lines in log-log scale for each ion exchanger are also presented in the figs. Values of mrx and nrx determined by linear fitting of equation (14) to the data are also shown in Table 7 for three ion exchangers, which present almost equal values with mx and 'ix shown in Table 2 . Linearity between log(KdA xy) and log(C(x)) are expressed in Figs. 1 and 2 , and can be certified by the values of correlation coefficients in Table 7 . From these results, we can conclude that equation (13) is applied to estimate the influence of Ca + F and Mg} on adsorption of tracer 60Co or m,Y, m1 and n are coefficients defined in equation (1).
85 Sr.
CONCLUSION
In this study, we examined the influence of Ca i and Mj + on adsorption of 60Co or BSSr when tracer 60C o or 8SSr existed with major Ca++ and Mg++ in solution. We theoretically derived the following equation that expresses the quantity of 60Co or BSSr to an ion exchanger under the influence of major two cations.
where
It was pointed out in the previous papers by the authors3' 4' that Ca++ and Mg++ were only two important cations in underground water influencing the adsorption of radionuclides. Therefore we assigned Cam and Mj to X and Y, respectively.
The relation n, =. nY is applicable in this case, and the above equation is revised to, QA= mx'Q'x +my'KY' Q'Y (CA/Q) (Cn) -nX (11) then we obtain 
On the basis of the experimental results of this study, we obtained Table 7 Values of m(X) and n(X) Determined by Curve
Fitting of Equation (14) to the Data Shown in Tables 4 and S . A: Presents tracer radionuclide.
